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I. Introduction
INilymeiic articles arc often moulded through solutions or gels 
and the structure of the later determines to a considerable extent 
the structure of the polymeric article being moulded (1‘tbres, films, 
Kicquci coals etc). Therefore, the study of structure of the 
sokiiinn is no less important than the study of the structure of 
polymer Itself.
The structure of polymer solutions were studied from the 
standpoint as structure of the liquids and liquid solutions 
ot low molecular substance. The phehomena of a preferential 
inter action between unlike molecules (solvation) or similar ones 
dissociation) is observed, depending on the degree of affinity 
hciwcen the components. Thus, solvates and associates are 
t^ lemenis of the structure of a solution. When the polymer 
dissolves, the structure of both the components may change 
‘ind the phenomena of solvation and association are observed 
di’pcnding on the nature of the solvent (/.e, good or poor 
soivcm).
A review of literature f 1-6] on acoustical studies of polymer 
''^ l^utions reveals that ultrasonic velocity and absorption 
f^casurements are used to understand the nature of molecular
“ r^esponding Author
interactions in these systems. Hydroxy propyl methyl cellulose 
phthalate has a variety of applications in medical field in the 
preparation of ophthalmic solutions and it contains an 
antimicrobial preservative. Acetone and alcohols arc very good 
solvents for this polymer. Hence, ultra.sonic studies were done 
at 303K in the HPMCP dissolved in alcohols : acetone (1:1) 
mixture at 303 K.
2. Experimental
HPMCP (molecular weight 20,000) was obtained from Fluka 
Company. The alcohols and acetone were obtained from BDH 
Company. They were used after standard purification [7,8|.
The ternary solutions were prepared by adding a known 
weight of polymer (HPMCP) to a fixed volume of solvents viz., 
acetone and alcohols ( 1 :1) and then stirring under reflux using 
a magnetic stirrer until a clear solution was obtained. Due to its 
high viscous nature, the low concentration range of the polymer 
were studied i.c., 0 % to 2.5 % (weight %), 0.0% corresponds to 
alcohol and acetone (1:1) mixture. The ultrasonic velocity and 
absorption were measured using a pulse echo interferometer 
(10 MHz) by the standard procedure [9]. Accuracies in the 
measurement of velocity and absorption are 0.01 % and 1 % 
respectively. Densities were determined using a specific gravity
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bottle and viscosity was estimated using a Ostwald Viscometer. 
All the measurements were carried out at 303 K.
3. Physical parameters
The various physical parameters were calculated from the 
measured values ot density (p ) , viscosity ( 77), ultrasonic
velocity (C) and absorption using the standard
formula.
1) Adiabatic compressibility - 1 / C ’p-
ii) Internal picssure 
P , v ^ T V / p , ,
where v is the ratio of specific heat capacities and V is 
the thermal expansion.
iii) Intermolecular free length The values of k
for different temperature were taken from the work of 
Jacobson f 101.
iv) Classical absorption : =^7i^r]J7tpC^
v) Excess absorption ■
( o r / / - )  = ( a / / ^ )  - [ a l f - \
4. R e su lts  a n d  d isc u ss io n
It can be seen from the tables (Table 1 and 2), the ultra.soniL 
velocity increases nonlinearly with increase of concentration ol 
polymer in methanol, ethanol with acetone mixtures. In solution 
of propanol and butanol, ultrasonic velocity remains almosi 
constant throughout the concentration range studied. Adiabatic
r» b k *  1. lH i iL is n n ic  v c l u u l y  iuit l  r d i i i e d  p a r a m c l c r s  lo i  t h e  s o l u t i o n s  o f  h y d r o x y  p r o p y l  m e t h y l  c e l l u l o s e  p h t h a l a t e  in a l c o h o l s  a n d  \  
a c e t o n e  ( I  1) a t  1 0 1  K \
rorieenirahoTi C' /) 7/xlO '
weiyhl % m s  ' K g m  '  N s m  -
A J x l O ' ^  L f
N '  m -  A^’
f ] v  S x I O  R X J0-* Z a
p a s c a l  K g m  ‘







1 \M) 2 
1 1 3 4  7 
1 I 3 6  2 
1 1 36 6 
1 1 4 1 7  
1 1 4 K  1
7 K 7  5 
7 K 6  5 
7 9 2  3 
7 9 5  0  
7 9 7  7 
7 9 9  8
0 , 4 4 3 8  
0  5 9 2 3  
0  7 5 4 5  
0  8 0 1 3
0  9 5 6 4
1 0 0 5 5
9  9 4  1 2 
9 , 8 3 7 5  
9  7 7 6 8  
9  6 7 4 6  
9  6 1 7 3  
9  4 8 5 4
0 , 6 2 9 3  
0 6260 
0  6 2 1 6  
0  6 2 0 8  
0  6  1 8 9  
0  6 1 4 7
7 2 5 5  
8 3 8 2  
9 4 7 5  
9 7 7 6  
1 0 6 9 1  
1 0 9 5  1
2  0 7 5 6
3 2 9 0 5
5 3 3 6 1
6  4 8 3 6  
9  1 2 3 9
5 4 5 1 2  
5 4 4 5  
5 4 2 8 3  
5 4 0 8 5  
5  3 9 9 6  
5  3 9 4 3
8 9 0 0 3
8 9 5 8 4
9  0 0 2 1  
9  0 7 0 0  
9  1 0 7 3  
9  1 8 2 5
B l h a n o l  a c e i o n e  ( I  1)
0  0 1 1 5 0  7 7 8 9  9 0  4 6 3 5 9  5 1 2 8 0  6 1 5 6 5 7 0 7 - 6  8 1 3 1 9 . 1 3 5 4
0 . 5 1 1 5 1 8 7 9 1  4 0  6 1 0 3 9  4 6 4 8 0 . 6 1 4 0 6 5 5 3 1 . 0 0 4 0 6  8 0 0 9 9  1 7 2 9
1 0 1 1 5 2  2 7 9 3  5 0  7 8 4 5 9  4 3 3 4 0  6  1 3 0 7 4 4 5 1 6 6 0 9 6  7 8 4 3 9  2 0 0 3
1 5 1 1 5 3  3 7 9 6  7 0  8 6 7 8 9  3 8 9 5 0  6 1 1 6 7 8 4 4 2 5 7 9 3 6  7 6 0 0 9 . 2 3 4 4
2 0 I 1 5 4  5 7 9 8  3 0  9 8 6 1 9  3 6 4 6 0 . 6 1 0 8 8 3 6 9 3 . 1 0 0 1 6  7 4 8 6 9  2 5 0 2
2 . 5 1 1 5 5  2 8 0 1  5 1 0 1 3 2 9  3 2 6 0 0 . 6 0 9 5 8 5 0 3 3 9 0 7 3 6  7 2 1 8 9  2 8 2 0
I’r o p a n o l a c e t o n e  (1 1)
0  0 1 1 5 7  6 7 9 3  9 0  5 2 2 6 9 . 4 0 0 8 0 . 6 1 2 1 5 1 5 1 - 7 . 8 J 0 9 9  1 9 0 1
0  5 1 1 5 8  4 7 9 6 . 4 0 . 7 3 4 5 9 . 3 5 7 3 0 . 6 1 0 5 6 1 2 1 1 . 0 4 7 0 7 7 7 7 9 9  2 2 5 4
1 0 1 1 5 7 . 8 7 9 8  5 0  8 7 2 3 9  3 4 2 3 0  6 1 0 0 6 6 8 0 1 . 3 6 4 3 7 . 7 7 6 H 9  2 4 5 0
1 .5 1 1 5 8  5 8 0 0 . 7 0  9 6 3 2 9 . 3 0 5 4 0  6 0 8 0 7 . 2 7 2  1 4 4 8 7 7 4 8 2 9 . 2 7 6 1
2 0 ) 1 5 7  6 8 0 1  3 1 0 0 0 5 9 . 3 1 2 9 0  6 0 9 1 7 1 7 2 I 9 8 6 2 7 7 4 0 4 9  2 7 5 8
2 . 5 1 1 5 6 . 4 8 0 3  5 1 , 1 5 4 7 9  3 0 6 7 0 . 6 0 8 9 7 7 1 9 2 . 1 1 5 4 7 . 7 1 6 6 9 . 2 9 1 6
B u t a n o l  a c e t o n e  (1 1)
0  0 1 1 8 5  2 7 9 8  6 0  5 6 9 8 8 9 1 4 3 0  5 9 5 9 4 7 0 0 - 8 7 1 7 4 9 . 4 6 5 0
0  5 1 1 8 6 2 7 9 9  8 0 . 7 0 1 5 8 - 8 8 5 4 0 . 5 9 4 9 5 2 1 8 0  6 4 5 1 8 . 7 0 6 8 9  4 8 7 2
1 0 1 1 8 7 . 8 8 0 0 . 4 0  8 6 2 4 8 . 8 5 5 3 0 . 5 9 3 9 5 7 8 5 0 . 8 0 6 5 8 . 7 0 4 2 9 . 5 0 7 1
1 5 1 1 8 8 . 1 8 0 1 . 6 1 0 0 3 6 8 . 8 3 7 6 0 . 5 9 3 3 6 2 4 6 1 . 7 1 2 2 8 . 6 9 1 9 9 . 5 2 3 8
2  0 1 1 8 7 . 1 8 0 2  9 1 . 1 5 6 3 a  8 3 8 2 0  5 9 3 3 6 7 1 4 1 6 9 8 8 8 . 6 7 5 4 9 . 5 3 1 2
2 . 5 1 1 8 8 . 5 8 0 4 . 0 1 . 3 5 9 5 8 8 0 5 3 0  5 9 2 2 7 2 8 0 2  4 3 3 2 8 . 6 6 6 6 9 . 5 5 5 5
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a l c o h o l s  a n d  a c e t o n e  ( 1 : 1 )  a t  3 0 3  K
C o n c e n t r a t i o n 9 ,, X 10  ^ T X l O  ' '
w e i g h t  % N p m ' N p m  • N p m - '  S ' N s  m s e c
M e t h a n o l  ' a c e t o n e  ( 1 . 1 )
0 . 5 3 9  9 0 1 3 . 5 0 1 2 6  4 0 1 5 4 4 3 2 3 2 0 3
1.0 4 0  4 2 1 7  0 6 9 2 3 . 3 5 1 . 3 7 6 9 2 3 6 8 8
1 5 4 6 . 3 ( 1 17 9 1 4 2 8 . 4 5 1 6 9 6 7 2 7 4 8 8
2 .0 4 9  1 3 21 2 2 1 2 7  9 9 1 6 9 7 1 2 8 8 1 0
2 . 5 5 0 . 3 3 21 8 4 1 2 8  4 9 1 7 4 8 7 3 0 7  I 2
E t h a n o l  ■ a c e t o n e  ( 1 1 )
0 - 5 4 0  8 2 13  2 6 9 1 2 7  5 6 I 6 9 1 2 2 1 8 2 8
1 0 4 4  1 2 1 6  9 9 7 2 7 , 1 3 I 6 6 9 5 2 6 0 7 4
I 5 4 6  18 1 8 . 6 6 9 2 7  5 2 1 7 0 6 4 2 7 2 5 1
2 0 4 9 . 4 5 21.111 2 8  3 4 1 7 6 5 1 2 . 9 2 0 8
2 . 5 5 6 . 2 7 21 5 5 9 3 4  7 2 2 1 7 6 5 3 . 3 5 5 5
P r o p a n o l  ; a c e t o n e  ( 1 : 1 )
0  5 5 2  7 3 1 5 . 5 9 9 3 7  131 2 . 3 3 1 5 3 , 1 1 4 4
1,0 5(1 2 3 1 8  5 0 6 3 7  7 3 0 2 . 3 7 1 2 3 3 2 4 5
1 . 5 5 9  7 8 2 0 . 3 4 1 3 9  4 3 9 2 4 9 0 0 3 5 5 0 3
2 0 5 4  9 1 21 1 5 2 3 3  7 5 8 2 1 2 7 9 3 2 5 6 5
2 . 5 5 4  3 2 2 4  4 3 3 2 9  8 8 1 8 8 3 3 3 2 1 9 5
U i i l a n o l  a c e t o n e  (1 1)
0  5 6 1  2 0 13  8 1 6 4 7  3 9 3 2 0 9 6 3 6 9 4 9
1 0 6 3 . 2 0 1 9  6 4 2 4 3  5 5 2 5 4 9 3 3 . 2 9 7 5
1 5 7 1 . 2 0 19  6 2 7 51  5 8 3 . 5 1 7 8 4  3 2 8 7
2 0 6 0  5 4 2 2  6 3 4 3 7  91 2 5 8 2 7 3 . 6 7 ( i 6
2  5 6 3  8 0 2 6  4 8 2 3 7  3 2 2 . 5 5 4 7 3 8 9 3 2
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compressibility is found to decrease nonlinearly with increase 
o1 concentration in methanol, ethanol system but the variation 
m propanol and butanol is linear. The mtermolecular free length 
decreases rapidly in case of methanol and ethanol with acetone 
mixtur e. But the decrease is very less in the systems of propanol 
and butanol mixture. Internal pressure increases with increase 
ol concentration in all the systems. Rao's constants vary 
nonlinearly with concentration in the lower alcohol systems. 
The number of solvated m olecules per repeat unit is 
i'Pproximately 9 for methanol, 4 for ethanol and 2 for propanol 
and butanol with acetone mixture.
The increase in ultrasonic velocity with solute concentration 
m methanol and ethanol with acetone, is due to interaction 
heiween solute and solvent molecules. In lower aliphatic 
^dcohol systems, the interaction is more between the high 
pulymer m olecules and solvent m olecules. At low 
concentrations, the number of hydrogen bonds formed may be 
•^ ss and at higher concentrations, it may be more due to polymer- 
Polymer interaction. In the present system, the hydrogen bond
tormed between the hydrogen of methyl group in HPMCP 
3nd the oxygen of hydroxyl group in alcohol [11]- But in the
case of higher aliphatic alcohols, the number of sites available 
for hydrogen bond formation is quite less and the interaction is 
not much effective, as the number ot solvated molecules are 
less in number. This may be the reason for the constancy of 
velocity in higher alcohol systems. The rapid decrease of 
adiabatic compressibility with increase of concentration in 
methanol and ethanol with acetone system, clearly indicates 
the formation of a more number of tightly bound systems. 
Since the velocity increases with concentration and the density 
does so, the compressibility must decrease with concentration. 
This could be caused by more rigid liquid structure associated 
with hydrogen bonding of HPMCP with methanol and ethanol. 
Such reduction in compressibilities have been found in solutions 
of cellulose derivatives which is attributed to change in 
compressibilities of the solvent molecules concerned in solutions 
1 121- In propanol and butanol with acetone mixture, there is a 
slight decrease in compressibility with concentration. This 
implies the increase of density with concentration, which leads 
to decrease in compressibility. At lower concentration in 
methanol and ethanol with acetone mixture, the molecules are 
not closer and thus the intermolecular free length will be high. 
As the concentration increases, the molecules come closer
D  G e e t h a  a n d  C  R a k k a p p a n
th rough segment-segment in te ra c tion  and thereby decreasing  
the in te rm o le cu la r free leng th  and hence in te rn a l pressure  
increases [ I 3 | .  A cous tic  im pedence increases w ith  increas ing  
concen tra tion  in low e r a lcoho l w h ich  is in d ica tive  o f  strong  
so lven t-po lym e r in te raction and is fu rth e r supp(^rtcd by increase 
o l Rao's constant and in te rna l pressure 114|.
I t  IS o b se rved  tha t ( O i ! f ^ ) o i n  va lu e s  in c re a se s  w ith  
concentra tion in low e r a lipha tic  a lcoho l systems, but it  remains  
constant in h ighe r a lipha tic  a lcoho l systems. The s ig n if ic a n t 
amount o f  excess absorption ind ica ting  dynam ic shear v iscos ity, 
is no t the o n ly  re la x a t io n  c o n t r ib u t in g  to  the re la x a t io n  
absorption. The o ther source o f  re laxa tion  mechanism  invo lved  
in th is  systems are the p o ly m c i-s o lv e n t in te ra c tio n  due to  
hydrogen b tind ing  and p o lym e r-p o lym e r in te ra c tio n . In  the 
low e r a lipha tic  a lcoho l systems, the m a jo r ro le  is p layed by 
hydrogen bond ing , since the obse rved abso rp tion  increases  
w ith  concentra tion 113|. 'fh e  excess sound abso rp tion in the 
case o f  h igher a liphatic a lcohol systems is m a in ly  due to trans ition  
from  isolated macro m olecules to associates and v i c e  v e r s a  \ 16], 
wh ich  may be exp la ined as fo llow s . T h e  m o lecu les o f  ce llu lo se  
and Its de riva tives are random ly  co ile d  in  so lu tio n  and also the 
cha in s  have no o v e ra ll te nd ency  to  adop t any p a r t ic u la r  
co n fo rm a tio n  In  genera l, the c e llu lo s e  and its  d e r iv a tiv e  
m olecu les are linea r, consists o f  s u ffic ie n t num ber o f  cha in  
linkages, w h ich  is an essentia l p re requ is ite  fo r  any cha in  to be 
random ly  co iled . The co n fo rm a tio n  o f  cha in  results from  the 
in te rac tions o f  the cha in  segments w ith  its e nv ironm en t. These  
in te rac tion  in vo lv e  the segments o f  the same as w e ll as o ther 
cha in  in add ition  to the so lven t. In  a good so lven t, each cha in  
segment w il l p re fe r to  con tac t w ith  so lven t m o lecu les rather 
than w ith  the segments o f  its ow n  o r those o f  ne ighbou rin g  
chains, because o f  th is , the cha in  w i l l  be extended 1171 In  a
poor so lvent lik e  h ighe r a lipha tic  alcohols, po lym er-po lym er and 
so lven t-so lven t contacts (associates) are favoured , the polymer 
chain w il l have a contracted fo rm , hence the varia tion in observed 
abso rp tion w ith  concen tra tion  is no t s ig n if ican t. The number 
o f  so lva ted m o lecu les S and the increase in  re laxa tion  time t m 
low e r a lip h a tic  a lcoho l systems co n firm  the polym er-solveni 
in te rac tion .
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